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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a single hand- 
piece for dental instruments that can be used for 
ultrasonic scaling when used with an ultrasonic 
scaling insert, and can be used to abrasively clean 
teeth when used with an air-polishing insert. A 
unique switching system makes possible the use of 
a number of different kinds of inserts in the same 
handpiece. A method and apparatus for precise 
control of magnetostrictive and/or electrostrictive 
transducers is also provided. The method and ap- 
paratus for control of the transducer is discussed 
with reference to a dental prophylaxis unit; how- 
ever, it is applicable to any application which re- 
quires the precise control of electrical, mechanical 
or electro-mechanical systems. 

1. PRIOR ART 

A single-multi-function handpiece as defined in 
the first part of Claim 1 is disclosed in DE-A-2 208 
764. 

Warrin et al, in U.S. Patent 4,492,574 teach an 
ultrasonic endodontic dental handpiece having a 
coil for establishing an alternating magnetic field, 
the housing having a cooling fluid inlet at one end 
and being open at the other end for receiving and 
supporting a removable insert. 

Rzewinski, in U.S. patent 4,494,932 teaches an 
apparatus for dispensing cleaning powder in an air 
stream to be directed onto the surface of teeth. 
The apparatus includes a fluid tight chamber for 
containing a supply of cleaning powder. Air under 
pressure is directed into the chamber, and an out- 
let in the sidewall of the chamber permits air and 
powder to flow out under pressure. 

2. BACKGROUND 

Stains on teeth may originate from various 
sources or causes including smoking, tobacco 
chewing, excessive drinking of tea or from vegeta- 
ble origin, calculus is of several different types, 
especially serumal and salivary, and calculus de- 
posits ordinarily accumulate in pockets between 
the teeth and the surrounding soft tissues, the 
serumal calculus originating from the saliva. The 
constituents precipitate and bond themselves to the 
exposed tooth surfaces. 

Various techniques and equipment are already 
known and used in the cleaning of teeth, including 
hand instruments, rotary rubber cups carrying an 
polishing paste of pumice for example, all of which 
techniques may be used effectively in the removal 
of calculus, but none of which techniques are sat- 



isfactory in effecting the removal of various types 
of stain, especially the removal of stain from broad 
areas of the teeth. 

It is known in the art to clean teeth using 

5 ultrasonic scaler inserts. In an ultrasonic scaler, 
vibrational motion of a transducer is transformed to 
flexural or elliptical motion of an insert tip. This 
motion of the tip is used to dislodge calculus from 
the teeth. The scaler also has means for irrigating 

to the area where the scaler tip is used by dispensing 
a liquid, most frequently water, through or over the 
surface of the scaler tip. 

It is also known in the art to clean teeth using 
air-polishing equipment which is particularly useful 

is for removing stains from crevices in the teeth. 

In the use of air-polishing equipment for dental 
purposes, the delivery and dispersal of polishing 
particles in air suspension in the mouth is objec- 
tionable and in some prior equipment employed for 

20 tooth cutting, vacuum means has been employed 
to capture the polishing particles. This, however, is 
bulky and cumbersome. In some prior systems it 
has also been contemplated to wash the teeth with 
water following the polishing treatment, but such 

25 subsequent washing does not overcome the objec- 
tionable initial distribution of the polishing particles 
on the soft tissues and other parts of the mouth. To 
overcome these difficulties and to provide air- 
polishing prophylaxis equipment adapted to the 

30 convenient and effective removal of stain and or 
calculus in a manner which is simple and which 
produces minimum discomfort to the patient, a 
handpiece was provided having a nozzle with an 
air-polishing discharge passage, and a water dis- 

35 charge passage surrounding the air-polishing pas- 
sage, together with control means by which 
warmed water was delivered for discharge through 
the water passage, and the air-polishing and water 
streams were coordinated to capture the polishing 

40 particles after they were dispensed. 

In the handpiece provided in the prior art, the 
water discharge passage is directed to impinge 
upon the surface of the tooth being cleaned in an 
area immediately adjacent to or overlapping the 

45 area of impingement of the air-polishing stream. 
Preferably a water stream is provided to form a 
curtain surrounding the air-polishing stream. In its 
most effective embodiment, the motion of the pow- 
der and liquid as it is being dispensed from the 

so handpiece causes a mixing of the powder and 
water to form a slurry. It is a slurry of polishing 
powder and water which provides the most effec- 
tive cleaning of teeth. 

The practitioner has found it most convenient 

55 and effective to use both the ultrasonic scaler and 
the air-polishing systems described above to pro- 
vide prophylactic treatment of the teeth. Using both 
systems, however, requires two sets of equipment, 
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or at least two handpieces: a handpiece for ultra- 
sonic scaling for calculus and plaque removal, and 
a second handpiece for air-polishing stain and 
plaque removal. In addition, a water heater is desir- 
able for use with the airpolishing portion of the 
device. Since space is usually at a premium in the 
operatory, the disadvantages of using the de- 
scribed equipment is apparent In addition, it is 
bothersome and time consuming for the practi- 
tioner to change handpieces in the middle of a 
treatment. 

The prior art systems for driving the scaler 
insert of the handpiece comprise a magnetostric- 
tive transducer, a signal generator, a power supply 
and some form of feedback. 

The known feedback systems can be divided 
into three classes. In the simplest form of feed- 
back, the voltage is a function of frequency and is 
related to the sum of all internal phase shifts. This 
form of feedback, the voltage is a function of fre- 
quency and is related to the sum of all internal 
phase shifts. This form of feedback is practical for 
use only in high quality transducers designed to 
operate at a specific frequency range in which the 
induced voltage values are small. 

Systems which rely on purely electrical feed- 
back comprise a second feedback system. These 
two systems have the following shortcomings: 

1. ) The system may start up in either of two 
different phase conditions, resulting in very dif- 
ferent mechanical outputs. 

2. ) In one of the possible phase conditions, 
impedance in the system may cause reactance 
in the no-load condition resulting in reduced 
start-up capability. 

3. ) If the system must be capable of handling 
high loads, it usually operates with reduced effi- 
ciency at lower loads. 

4. ) The tuning of the system must always be a 
compromise between higher efficiency and start 
up requirements. 

The third system utilizes a velocity feedback 
measurement. In this system the vibration pick up 
voltage controls a generator whose gain is a func- 
tion of the voltage across the load and the velocity 
difference between the two ends of the mechanical 
resonator. 

In this system the velocity feedback is either 
resonated or otherwise wave shaped to provide 
unambiguous frequency information to the ampli- 
fier. It is said in the prior art that this is a require- 
ment to utilize the velocity pick up signal. 

It is the object of the present invention to 
overcome the above described difficulties with the 
prior art. 



SUMMARY OF THE INVENTION 

The present invention provides a single multi- 
function handpiece as defined in Claim 1. The 

5 handpiece of this invention has an elongated hous- 
ing and a coil in said housing for establishing an 
alternating electromagnetic field. The housing has 
at least one inlet for introduction of a liquid therein, 
and at least one inlet for introduction of a powder 

10 therein. The housing has an open end adapted for 
placing an insert into the housing with a sealing fit. 
The housing is adapted to use at least an ultra- 
sonic scaler insert and an air-polishing insert. The 
handpiece also provides a switching signal means 

is or sensor for recognizing the type of insert present 
in the housing and for controlling electrical circuitry 
and/or other switching means for controlling the 
correct combination of air, powder and water that is 
desired to be delivered to the handpiece for use in 

20 conjunction with the insert used. 

The invention also includes an insert for use in 
the handpiece according to the invention. Said in- 
sert has a nozzle for dispensing an polishing pow- 
der to remove stains and plaque from teeth. The 

25 nozzle includes concentric tubing in which the in- 
ner tube is used to dispense air and polishing 
powder and the outer tube is used to dispense a 
liquid which forms a slurry with the polishing pow- 
der, the slurry being effective for abrasively clean- 
so ing teeth and minimizing the amount of polishing 
powder that escapes into the atmosphere. The air- 
polishing insert has a magnetic heating element 
that uses the energy produced by the alternating 
electromagnetic field in the housing to heat the 

35 water used in the treatment. 

The present invention simplifies the working 
environment by combining some of the equipment 
needed for the prophylactic cleaning of teeth into 
one system. Also, the procedure of cleaning teeth 

40 is simplified since the practitioner does not need to 
interrupt the procedure to change handpieces and 
to activate a different set of switches to be used 
with the different handpiece. Using the apparatus of 
the invention, the practitioner may set out a num- 

45 ber of inserts on his tool tray in front of the patient 
and may simply, easily and quickly change inserts 
any time during the procedure, and the switching 
system built into the handpiece will assure that the 
proper ingredients for use with the insert being 

so used are automatically supplied to the handpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating the 
55 handpiece of the invention together with two inserts 
that may be used with the handpiece. 

Fig. 2 is an end view of the nozzle of the air- 
polishing insert of the invention illustrating concen- 
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trie delivery tubing. 

Fig. 3 is an alternative embodiment of a hous- 
ing for the handpiece which provides for a choice 
of medicaments for irrigation. 

Fig. 4 is an end view of the housing of Fig. 3. 

Fig. 5 is a cutaway view of the nozzle of the 
air- polishing insert of the invention. 

Fig. 6 is a flattened 360* illustration of the coil 
layout of the handpiece. 

Fig. 7 is a circuit diagram of the coil circuitry of 
the handpiece. 

Fig. 8 is a simplified illustration in block of the 
circuitry and the switch mechanism of the inven- 
tion. 

Fig. 9 is a block diagram illustrating the drive 
system for the transducer in the scaler insert. 

DESCRIPTION OF THE ILLUSTRATED EMBODI- 
MENT ~ 

With reference to Fig. 1, the handpiece 10 
comprises an elongated housing 12 which has an 
opening 14 at one end adapted to receive an insert 
20 or 30, and cable 15 attached at the opposite 
end. Cable 15 encloses air and water hoses for 
delivering air, powder, and water to the handpiece, 
and all the electrical wires needed to activate and 
energize the coils in the handpiece. 

Powder outlet aperture 16 on housing 12 is 
adapted to receive powder inlet 34 when air polish- 
ing insert 30 is used in handpiece 10. 

The methods of supplying air, powder and wa- 
ter to an air polishing handpiece are disclosed in 
U.S. Patent 4,494,932 and references cited therein. 

As is known in the art, a scaler insert 20 
comprises a transducer stack 22 which interacts 
with the alternating magnetic field created by, for 
example, a coil in housing 12, to set up an ultra- 
sonic vibration of the insert. The scaler has a 
shaped dental tool 24 adapted to scale teeth, and 
dental tool 24 has means herein for irrigating the 
work area while dental tool 24 is being used. 

The air polishing insert 30 comprises a heating 
element 32, and a powder inlet 34 which is adapt- 
ed to be inserted into powder outlet aperture 16 of 
housing 12. Water inlet means 38 is provided 
which permits passage of water over heating ele- 
ment 32 and into nozzle 50. concentric tubing 36 is 
part of nozzle 50. In the illustrated embodiment, 
nozzle 50 comprises a collar that is screwed onto 
housing 12. 

Heating element 32, in the illustrated embodi- 
ment, comprises a hollow tubular material which is 
reactive to a magnetic field. Preferably, the heating 
element 32 will be a nickel plated tubular ferrous 
material which utilizes inductive heating to heat 
water which passes over heating element 32. In 
general, heat is produced by heating element 32 



because the energy from the alternating electro- 
magnetic field creates secondary currents in the 
heating element 32. This is commonly known as 
eddy current heating. Water passing over the ele- 
5 ment is heated and passed through water inlet 
means 38 through nozzle 50 and into concentric 
tubing 36. 

Similarly, air and powder, from a remote 
source, pass through housing 12 and into powder 

70 inlet 34 and into concentric tubing 36. 

With reference now to Fig. 2, concentric tubing 
36 comprises outer tube 40 and inner tube 42. 
Outer tube 40 is used for delivery of a liquid, such 
as water through outer orifice 44, and inner tube 42 

15 is used for the delivery to polishing powder through 
inner orifice 46. The liquid which passes through 
outer orifice 44 is used mainly to interact with the 
air-polishing powder that is dispensed through in- 
ner orifice 46 and form a slurry with the polishing 

20 powder, and this slurry is used to clean the teeth 
and minimize the escape of polishing powder into 
the atmosphere. Those skilled in the art will recog- 
nize that the liquid used may also contain medica- 
ments or otherwise be adapted to provide thera- 

25 peutic activity. Guide means or dimples 48 are 
included in concentric tubing 36 to maintain the 
concentric relationship of outer tube 40 and inner 
tube 42 to ensure that liquid will encircle the 
polishing powder as it exits inner orifice 46. 

30 With reference now to Figs. 3 and 4, in an 

alternative embodiment, the air-polishing handpiece 
60 of the invention may be provided in a cylindrical 
shape having means 62 within the handpiece for 
delivering powder, and water tube 64 for delivering 

35 water to the insert. In addition, the handpiece may 
be provided with additional tubes 66 and 68, for 
example, which can be used to deliver medica- 
ments, or a mixture of medicaments for irrigation of 
the area that is to be treated with the polishing 

40 powder. As an added feature, a water cooling flow 
return 69 may be provided in the handpiece for 
return of the water used to cool the handpiece. 
Such a handpiece can be used in those instances 
when an assured sterile water source is desired for 

45 irrigation purposes. 

Although a pear shaped and a circular shaped 
handpiece are the illustrated embodiments, those 
skilled in the art will recognize that handpieces 
having other shapes may be provided in accor- 

50 dance with the invention depending on the type of 
material that is to be dispensed through the hand- 
piece and the shape that is found to be most 
comfortable for holding. 

With reference now to Fig. 5, the nozzle 50 of 

55 insert 30 comprises a hole 52, or similar means, 
through threads 53, which permits water to pass 
from housing 12, past the heating element end 56 
through passage 54 into outer tube 40. The heated 
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water then passes through outer tube 40 and out of 
outer orifice 44. 

Similarly, air and powder passes from outlet 16 
in housing 12 into powder inlet 34, through tapered 
transition 58, through inner tube 42, and out of 
inner orifice 46. 

Tapered transition 58 in inner tube 42 provides 
for a smooth transition from the large inlet tube 34 
to smaller inner tube 42. The use of tapered transi- 
tion 58 in tubing 42 causes the polishing powder to 
flow smoothly with less clogging than is seen in 
prior art devices. 

The housing 1 2 of the handpiece is adapted for 
sensing contact with or positioning of the particular 
insert being used and has means associated there- 
with for activating the handpiece in response to the 
sensing. The sensing means may be electro- me- 
chanical or electrical. The response activating 
means may be an electro-mechanical switching 
means or an electrical switching means. In the 
illustrated embodiment, the sensing and switching 
means are electrical and electro-mechanical. 

As used herein, contact is intended to include 
electromagnetic or electrical as well as physical 
contact. By electromagnetic contact, it is meant 
that an electromagnetic field is interrupted and/or 
sensed by the insert. 

Those skilled in the art will recognize that the 
switching system may be based on changes in 
pneumatic pressure in the system. For example, 
the insert, when placed in the handpiece may 
cause a change in air-pressure in the handpiece 
which will be recognized by the system, and can 
be used to control the circuitry used to control the 
supply of materials used by the handpiece. 

With reference now to Figs. 6 and 7, drive coil 
72, which is connected to an alternating current 
source, is wound in a double coil between dividers 
19 and 21 (Fig. 3) and establishes an alternating 
electromagnetic field in handpiece 10. Bucking coil 
74 is provided to minimize transformer coupling 
between drive coil 72 and feedback coil 76. Buck- 
ing coil 74 and drive coil 72 are connected be- 
tween terminals 27 and 28 in one continuous wire. 
Drive coil 72 is attached to terminal 27 and using a 
right hand turn, for example, is wound from divider 
19 to divider 21 and back. The wire from drive coil 
72 then traverses space 23 between dividers 18 
and 19, and using a left hand turn is wound be- 
tween dividers 17 and 18 to produce bucking coil 
74. The end of the wire is then connected to 
terminal 28. Bucking coil 74 and drive coil 72 are 
wired in series and are wound in opposite direc- 
tions and are therefore electromagnetically 180' 
out of phase. 

Feedback coil 76 is a fine wire and is provided 
to register voltage developed by the movement of, 
for example, an ultrasonic scaler insert 20 in the 



electromagnetic field of handpiece 10. feedback 
coil 76 is wound between dividers 17 and 18 on the 
handpiece, preferably before the winding of buck- 
ing coil 74, and is connected to terminals 28 

5 (ground) and 29. The feedback coil is electrically 
insulated from the bucking coil. 

Wires connected to terminals 27 and 29 pro- 
vide the power source and register feedback, and a 
wire connected to terminal 28 acts as a common 

io ground. 

In the illustrated embodiment drive coil 72 
comprises about 140 turns of 22 gauge wire, buck- 
ing coil 74 comprises about 9 turns of 22 gauge 
wire and feedback coil 76 comprises about 300 

15 turns of 38 gauge wire. 

With reference to Fig. 8, the logic circuit for 
controlling the dispensing of the materials used by 
the various inserts in handpiece 10 operates by 
routing transducer drive and feedback signals to a 

20 network where they are algebraically summed. The 
output is converted to a direct current voltage 
whose level is related to the status of the hand- 
piece. When no transducer is inserted in the hand- 
piece, a voltage in the range of 0 to 2 volts is 

25 present. When the heating insert 30 is in the hand- 
piece, a voltage in the range of 4 to 6 volts is 
present. When an ultrasonic insert 20 is in the 
handpiece, a voltage greater than 8 volts is pro- 
duced. 

30 It will be recognized by those skilled in the art 

that coil windings may be changed, and inserts 
may be provided with different magnetic properties, 
and power sources may be altered to provide a 
wider range and a different range of feedback coil. 

35 drive coil and bucking coil voltages, and a logic 
array may be used to provide identification of end 
mode selection for a wider range of different in- 
serts to be used with a handpiece of the invention. 
The logic array circuitry and the associated 

40 switches for supplying gas, liquid and powder to 
the handpiece will be associated with the chassi- 
assembly or cabinet of the unit which is used to 
supply the power, gas, liquid and powder to the 
handpiece. 

45 In the operation of the control circuit, the output 

from buffer 82 goes to voltage comparator 84 
which is biased such that when a voltage in the 
range of 4 to 6 volts is present, the logic level of 
logic array 86 is high (logic 1). The logic level of 

so logic array 86 is low (logic 0) when inputs in the 
range of 0 to 2 volts and greater than 8 volts are 
present in the circuit. A second input into the logic 
array comes from frequency discriminator 88. 
Whenever the frequency of the drive signal is with- 

55 in a selectable range defined by ultrasonic trans- 
ducers, the output from frequency discriminator 88 
to the logic array 86 is a low signal. For the heater 
and air-polishing handpiece to be enabled, both of 
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the logic conditions must be high: the frequency 
discriminator signal must be high, and the voltage 
comparator signal must be high. Accordingly, the 
circuits controlling delivery of air and powder will 
not be activated when the ultrasonic insert 20 is 
being used. When the circuit is enabled by the air- 
polishing insert 30, the practitioner needs only to 
activate a foot switch or finger switch to generate 
heating and to activate circuitry for delivering air, 
polishing powder and water to the handpiece. 

Similarly, in the illustrated embodiment, if no 
insert is in the handpiece, the circuits will not be 
activated, and valves electrically controlling the 
flow of powder and water to the handpiece will not 
be opened and even if the foot switch is tripped 
accidentiy, powder and water will not flow through 
housing 12. Thus, the switching system of the 
invention simplifies procedures for the operator, 
and substantially eliminates the possibility of mis- 
takes which could necessitate a time consuming 
clean-up of the operatory. 

When using the apparatus of the invention, the 
practitioner may find it most convenient to start out 
using the scaler insert on one area of the mouth, 
and follow the scaling treatment immediately with 
an air polishing treatment in the same area of the 
mouth, and follow the same procedure in other 
areas of the mouth. In such a procedure, the prac- 
tioner may keep both inserts handy, and make the 
two or more (any number of) changes of inserts 
desired, without moving from the patient's side. 
The apparatus therefore provides for an even se- 
quential flow in the cleaning procedure, as well as 
time saving for the practitioner. 

Although illustrated as a magnetostrictive sys- 
tem, those skilled in the art will recognize that a 
handpiece using a switching system may be adapt- 
ed to be powered using other means such as an 
electrostrictive system. 

In both magnetostrictive and electrostrictive 
systems, it is desirable to drive the transducer at 
its frequency of resonance. This frequency is de- 
termined in part by a complex interaction of insert 
length or physical dimensions, temperature char- 
acteristics of the transducer material, mechanical 
loading of the system and the velocity of sound in 
the transducer material. Since the output of the 
system is the mechanical stroke or vibration of the 
working end (tip) of the insert or transducer, the 
most effective method of detecting ail mechanical 
changes of the system, e.g. the effects of tempera- 
ture, loading, wear, etc., is to sense the actual 
movement and changes in the movement of the 
transducer itself. It can be demonstrated that this 
can be accomplished by using a velocity pickup 
which senses the movement of the free end of the 
transducer which is opposite the working tip. 



The selective choosing of components used in 
the circuit provides the biasing of the circuit. 

The following describes the basis of the control 
portion of this invention. When excited by an in- 

5 duced magnetic field, the transducer system will 
produce its maximum excursion at both free ends 
whenever the frequency of excitation corresponds 
to the system frequency of resonance. Associating 
a pickup (feedback) coil to one free end of the 

w mechanical system will result in an electrical signal 
which contains both frequency and phase informa- 
tion. Since the pickup is sensing the motion or 
velocity of the transducer, the phase of the electro- 
mechanical sensor signal, depending on the com- 

75 ponents used in the circuit will be displaced by a 
phase angle of from 50* to 130*, a 70' -110* 
displacement being more preferred, and a 90* 
displacement being most preferred, from the drive 
signal. In addition to this electro-mechanical portion 

20 of the feedback, there is a concomitant purely 
electrical signal due to the transformer coupling 
action of the drive coil and the feedback coil. The 
signal of the feedback coil, however, is displaced 
from the signal of the drive coil by either 0* or 

25 180* depending on the sense of the two windings. 
When the coils are both wound in the same direc- 
tion, for example, the signal displacement will be 
about 0 • , and when the windings of the two coils 
are wound in opposite directions, the displacement 

30 will be about 180°. It can be demonstrated that 
when the system's frequency of resonance is 
modified by temperature, wear of the mechanical 
parts or mechanical loading, the electromechanical 
phase relationship between the drive and feedback 

35 signals remains relatively constant. 

In order to insure start-up of the transducer 
under any load condition, it is desirable for the 
system to lock onto the operating frequency under 
any load condition. After start-up, the system will 

40 adjust using the control portion of the system, to 
prevent stalling under the working conditions en- 
countered, while maintaining optimum mechanical 
output. 

The present invention has accomplished pre- 
45 cise operational control of the electro-mechanical 
system by: 

1. ) Utilizing the unmodified phase information of 
the velocity type pick-up. 

2. ) Use of unique biasing of control circuits 
so which use the phase information to self tune the 

center frequency of the system. 
With reference now to Fig. 9, when power is 
applied to the system the internal oscillator 112 of 
the phase lock section of the circuit feeds its 
55 output to the buffer amplifier 114 which isolates the 
phase lock from the output driver 116. The phase 
lock portion of the circuit comprises voltage control 
oscillator 112, amplifier 118, low pass filter 122, 
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phase detector 124, phase splitter 132, compara- 
tors 134 and 135, current source 138, and fixed 
resistor or alternatively potentiometer 146. The 
driver 116 places the initial power signal on the 
output coil 126. Initially, the system starting point is 
determined by the value of fixed resistor or poten- 
tiometer 146. 

Since the initial frequency of the system is not 
the frequency of resonance, the transducer will 
simply couple the drive signal via transformer ac- 
tion to the pick-up coil 128. This signal is purely 
electrical in nature. The feedback signal from pick- 
up coil 128 is fed to phase splitter 132 whose 
algebraic difference signal is fed to comparator 
circuit 135. The bias on this section is such that the 
comparator circuit 135 uniquely preserves the 
phase information contained in the feedback. At 
this point in the sequence, phase and frequency 
information are present in the output signal of com- 
parator 135. This signal is fed to the phase detec- 
tor input of the phase lock circuitry. Here the signal 
is compared against the drive signal which is re- 
presented by the output of the voltage controlled 
oscillator 112. 

The phase detector 124 provides an error sig- 
nal for the voltage control oscillator 112. This cor- 
rected or enhanced signal is fed around the loop in 
the same manner as previously described. As the 
system approaches the correct operating frequen- 
cy, the phase signal of the feedback becomes 
electro-mechanical in nature due to the influence of 
the motional feedback. When the system reaches 
its frequency of resonance the phase error ap- 
proaches zero and the system is locked onto the 
maximum mechanical output point. Once the sys- 
tem is locked onto the true phase point, changes in 
operating frequency due to polarization effects, 
temperature, loading and insert or transducer wear 
will be automatically compensated since the true 
phase lock characteristic uses the mechanical vi- 
bration peak as its reference. 

After the system is locked, the leading edge of 
the signal from feedback coil 128 and the trailing 
edge of the signal from the drive coil 126 are 
processed in comparator 134, whose output is a 
pulse whose width is proportional to the time dif- 
ference (phase difference) between these signals. 
The pulse is intregrated and fed to a current source 
138 which delivers a D.C. current to the voltage 
control oscillator 112 whose center frequency is 
modified by this current. An increase in current 
increases the voltage control oscillator frequency. 
This method has demonstrated frequency tracking 
over a two octave frequency range without losing 
lock. 

Power output or amplitude control is effected 
by varying the current in the buffer amplifier. 



The proper operation of the invention is not 
dependent upon the sensing of any voltage or 
current amplitude variations. Neither does the am- 
plitude of the feedback signal affect the optimum 

5 operating point. In addition to advancing the art of 
precise frequency control over an expanded fre- 
quency and load range, this invention also repre- 
sents a mechanical simplification and requires a 
minimum of components. Furthermore, since sys- 

70 tern control is directed by the actual vibrating sys- 
tem (transducer), selection of electrical and me- 
chanical components is not critical to system op- 
eration. 

Although the operation of the system was de- 
15 scribed using a phase lock circuit, its operation 
would be unchanged by using any control circuits 
that would sense the phase errors and accordingly 
adjust or correct the drive circuitry. 

While present embodiments of the invention 
20 and methods of practicing the same have been 
illustrated and described, it will be recognized by 
those skilled in the art that this invention may be 
otherwise variously embodied and practiced within 
the scope of the following claims. 

25 

Claims 

1. A single multi -function handpiece for multiple 
dental treatments comprising: 

30 (a) a housing (12) having a longitudinal bore 

(14) therein adapted to receive a variety of 
dental tool inserts (20 or 30) therein, 

(b) means in said housing (12) for establish- 
ing an alternating electromagnetic or elec- 

35 trostrictive field, 

(c) at least one inlet into said housing for 
introduction of liquid therein, 
characterized by 

(d) at least one inlet into said housing for 
*o introduction of gas therein, and 

(e) switch means for controlling the delivery 
of gas and liquid to said handpiece by de- 
tecting the presence or absence of a par- 
ticular insert used. 

45 

2. The single multi-function handpiece of Claim 1 
in which means are provided for sealing an 
insert therein. 

so 3. The single multi-function handpiece of Claim 2 
in which said insert is an ultrasonic scaling 
insert. 

4. The single multi-function handpiece of Claim 2 
55 in which said insert is an air-polishing insert 

adapted for delivery of a powder for polishing 
stain and plaque removal. 
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5. The single multi-function handpiece of Claim 3 
in which said ultrasonic scaler insert activates 
a source for introduction of said liquid when 
placed into position in said housing. 



10. The single multi-function handpiece of claim 9 
in which an inner tube in said concentric tubing 
is used for dispensing polishing powder, and 
wherein said inner tube has a tapered transi- 
tion from tubing in said powder inlet to smaller 
tubing in said concentric tubing. 

11. The single multi-function handpiece of Claim 4 
in which a plurality of inlet tubes are provided 
in said handpiece for delivering irrigating fluids 
and medicaments. 

12. An insert for use in a handpiece according to 
any of Claims 1-11, said handpiece having a 
housing and means for establishing an alter- 
nating electromagnetic field in said housing, 
said insert comprising a member integrally 
connected to a nozzle having concentric tubing 
adapted for dispensing powder and liquid from 
said insert, said member comprising means for 
converting electromagnetic energy to heat. 

13. The insert according to Claim 12 in which 
means for dispensing polishing powder is con- 
centric tubing wherein an inner tube dispenses 
an air-driven powder and an outer tube dis- 
penses liquid to make a slurry of said powder. 

14. The insert according to Claim 12 in which said 
heating means comprises a ferrous material. 



Patentanspriiche 

1. Mehrfunktionshandstuck fur mehrere zahnarzt- 
liche Behandlungen, mit: 

(a) einem Gehause (12) mit einer Bohrung 
(14) in Langsrichtung desselben. die so 
ausgebildet ist, da/3 sie verschiedene zahn- 
arztliche WerkzeugeinsStze (20 Oder 30) 
aufnehmen kann; 

(b) einer Einrichtung im Gehause (12) zum 
Erzeugen eines elektromagnetischen oder 
elektrostriktiven Wechselfelds; 

(c) mindestens einem Einlafl in das Gehau- 
se zum EinfUhren einer FlUssigkeit in das- 
selbe; 

gekennzelchnet durch 

(d) mindestens einen Einlafl in das Gehause 
zum Einfuhren von Gas in dasselbe; und 

(e) eine Schalteinrichtung zum Steuern der 
Zufuhr von Gas und FlUssigkeit in das 
HandstUck durch Erfassen des Vorhanden- 
seins oder des Fehlens eines besonderen, 
verwendeten Einsatzes. 

2. Mehrfunktionshandstuck nach Anspruch 1, bei 
dem Einrichtungen zum Abdichten eines Ein- 
satzes in dasselbe vorhanden sind. 

3. Mehrfunktionshandstuck nach Anspruch 2, bei 
30 dem der Einsatz ein Ultraschall-Zahnsteinent- 

fernungseinsatz ist. 

4. Mehrfunktionshandstuck nach Anspruch 2, bei 
dem der Einsatz ein Luftpoliereinsatz ist, der 

35 so ausgebildet ist, dafi er Pulver zum Polieren 

einer Verfarbung und zum Beseitigen von 
Zahnbelag zufUhren kann. 

5. Mehrfunktionshandstuck nach Anspruch 3, bei 
40 dem der Ultraschall-Zahnsteinentfernungsein- 

satz eine Quelle zum Einleiten der FlUssigkeit 
aktiviert, wenn er im Gehause positioniert ist. 

6. Mehrfunktionshandstuck nach Anspruch 4, bei 
45 dem der Luftpoliereinsatz Quellen zum Einlei- 
ten von Gas, Pulver und FlUssigkeit aktiviert, 
wenn er im Gehause positioniert ist. 

7. Mehrfunktionshandstuck nach Anspruch 1, bei 
so dem die Schalteinrichtung durch einen Einsatz 

aktiviert ist, der fUr Verwendung im Gehause 
ausgebildet ist. 

8. Mehrfunktionshandstuck nach Anspruch 4, bei 
55 dem das elektromagnetische oder elektrostrik- 

tive Wechselfeld ein Aufheizen durch den Ein- 
satz bewirkt. 



6. The single multi-function handpiece of Claim 4 
in which said air-polishing insert activates sour- 
ces for introduction of gas, powder and liquid 
when placed into position in said housing. 

TO 

7. The single multi -function handpiece of claim 1 
in which said switch means is activated by an 
insert adapted for use in said housing. 

8. The single multi-function handpiece of Claim 4 15 
in which said alternating electromagnetic or 
electrostrictive field causes heating by said 
insert. 

9. The single multi-function handpiece of claim 4 20 
in which said insert comprises a heating ele- 
ment, a nozzle having concentric tubing for 
dispensing polishing powder and liquid, and a 
powder inlet for receiving powder from said 
housing. 25 
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9. MehrfunktionshandstUck nach Anspruch 4, bei 
dem der Einsatz ein Heizelement, eine Duse 
mit konzentrischer Leitungsanordnung zum 
Ausgeben von Polierpulver und FlUssigkeit und 
einen Pulvereinla/3 zum Aufnehmen von Pulver 
aus dem Gehause aufweist. 

10. MehrfunktionshandstUck nach Anspruch 9, bei 
dem ein Innenrohr in der konzentrischen Lei- 
tungsanordnung dazu verwendet wird, Polier- 
pulver auszugeben, und bei dem das Innenrohr 
einen abgeschragten Ubergang von der Lei- 
tungsanordnung im PulvereinlaB zu einer klei- 
neren Leitungsanordnung in der konzentri- 
schen Leitungsanordnung aufweist. 

11. MehrfunktionshandstUck nach Anspruch 4, bei 
dem mehrere Einlai3rohre im HandstUck vor- 
handen sind, urn SpUlfluide und Medikamente 
zuzufUhren. 

12. Einsatz zur Verwendung in einem HandstUck 
gemSfl einem der AnsprUche 1 bis 1 1 , welches 
HandstUck ein Gehause und eine Einrichtung 
zum Erzeugen eines elektromagnetischen 
Wechselfelds im Gehause aufweist, wobei der 
Einsatz ein Teil aufweist, das integral mit einer 
Duse verbunden ist, die eine konzentrische 
Leitungsanordnung aufweist, die so ausgebil- 
det ist, da/3 Pulver und FlUssigkeit aus dem 
Einsatz ausgegeben werden kann, wobei das 
Teil eine Einrichtung zum Umwandeln der 
elektromagnetischen Energie in Warme auf- 
weist. 

13. Einsatz nach Anspruch 12, bei dem die Ein- 
richtung zum ZufUhren des Polierpulvers eine 
konzentrische Leitungsanordnung 1st, in der ein 
Innenrohr ein luftgefordertes Pulver und ein 
AuBenrohr FlUssigkeit ausgeben, urn eine Auf- 
schlammung des Pulvers zu erstellen. 

14. Einsatz nach Anspruch 12, bei dem die Heiz- 
einrichtung ein Eisenmateria! aufweist. 

Revendicatlons 

1. Piece a main a plusieurs fonctions pour traite- 
ments dentaires multiples comprenant : 

(a) un boitier (12) comportant un alesage 
longitudinal (14) en son sein adapte a rece- 
voir une variete* d'outils dentaires (20 ou 30) 
en son sein, 

(b) un moyen dans ledit boitier (12) pour 
creer un champ 6lectromagn§tique ou 6lec- 
trostrictif alternatif, 

(c) au moins une entree dans ledit boitier 
pour Introduction de liquide en son sein, 



caracterisee par 

(d) au moins une entree dans ledit boitier 
pour Pintroduction de gaz en son sein, et 

(e) un moyen de commutation pour com- 
5 mander la distribution de gaz et de liquide a 

ladite piece a main en detectant la presen- 
ce ou Tabsence d'un outil particulier utilise*. 

2. Piece a main a plusieurs fonctions selon la 
io revendication 1 dans laquelle un moyen est 

pr6vu pour I'insertion de maniere £tanche d'un 
outil en son sein. 

3. Piece a main a plusieurs fonctions selon la 
is revendication 2 dans laquelle ledit outil est un 

outil de dStartrage par ultrasons. 

4. Piece a main a plusieurs fonctions selon la 
revendication 2 dans laquelle ledit outil est un 

20 outil de polissage par air adapte a distribuer 

une poudre pour polir les taches et enlever la 
plaque dentaire. 

5. Piece a main a plusieurs fonctions selon la 
25 revendication 3 dans laquelle ledit outil de 

d^tartrage par ultrasons active une source pour 
I'introduction dudit liquide lorsqu'il est place* en 
position dans ledit boitier. 

30 6. Piece a main a plusieurs fonctions selon la 
revendication 4 dans laquelle ledit outil de 
polissage par air active des sources pour I'in- 
troduction de gaz, de poudre et de liquide 
lorsqu'il est place* en position dans ledit boitier. 

35 

7. Piece a main a plusieurs fonctions selon la 
revendication 1 dans laquelle ledit moyen de 
commutation est active* par un outil adapte* a 
etre utilise dans ledit boitier, 

40 

8. Piece a main a plusieurs fonctions selon la 
revendication 4 dans laquelle ledit champ 6lec- 
tromagnetique ou electrostrictif alternatif entraT- 
ne le chauffage par ledit outil. 

45 

9. Piece a main a plusieurs fonctions selon la 
revendication 4 dans laquelle ledit outil com- 
prend un element de chauffage, une buse 
comportant des tubes concentriques pour dis- 

50 tribuer la poudre de polissage et le liquide, et 

une entree de poudre pour recevoir la poudre 
depuis ledit boitier. 

10. Piece a main a plusieurs fonctions selon la 
55 revendication 9 dans laquelle un tube interne 

dans lesdits tubes concentriques est utilise* 
pour distribuer la poudre de polissage, et dans 
laquelle ledit tube interne comporte une piece 
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intermedial re conique du tube dans ladite en- 
tree de poudre au tube plus petit dans lesdits 
tubes concentriques. 

11. Piece a main a plusieurs fonctions selon la 5 
revendication 4 dans laquelle une plurality de 
tubes d*entr6e sont disposes dans ladite piece 

a main pour distribuer des fluides d'irrigation 
et des medicaments. 

TO 

12. Outil pour utilisation dans une piece a main 
selon Tune quelconque des revendications 1 a 
11, ladite piece a main comportant un boltier 
et un moyen pour cr6er un champ eMectroma- 
gn^tique alternatif dans ledit boltier, ledit outil 75 
comprenant un Element d'un seul tenant avec 

une buse comportant des tubes concentriques 
adaptes a distribuer la poudre et le Hquide 
depuis ledit outil, ledit 6l6ment comprenant un 
moyen pour transformer Penergie 6lectroma- 20 
gn^tique en chaleur. 

13. Outil selon la revendication 12 dans lequel le 
moyen pour distribuer la poudre de polissage 
consiste en des tubes concentriques dans les- 25 
quels un tube interne distribue une poudre 
entratn^e par air et un tube externe distribue 

un liquide pour faire une bouillie de ladite 
poudre. 

30 

14. Outil selon la revendication 12 dans lequel 
ledit moyen de chauffage comprend un mate- 
riau ferreux. 
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